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1.0 INTRODUCTION

This report provides a review and analysis of laboratory and field rutting data
from a variety of Hot Mix Asphalt (HMA) designs constructed throughout the State of
Wisconsin. The primary objectives of this analysis were 1) to provide the Wisconsin
Department of Transportation (WisDOT) with a statistical comparison of field
performance of the various mix designs, based on measured rutting imposed by
accumulated traffic loads, and 2) to develop correlations between laboratory rut test

data and mix performance under variable design traffic levels.

1.1 Project Locations

Twelve paving projects, located throughout the State of Wisconsin, were
included in this research. Figure 1-1 illustrates the locations of the research projects.
Table 1-1 provides a summary of the project locations. HMA mix designs include the
standard WisDOT HV3 (Control) and MV3 mixes as well as stabilized HV3 mixes and
a variety of Strategic Highway Research Program (SHRP) and Stone Mastic Asphalt
(SMA) designs. Table 1-2 provides descriptions of the test section codes used in this

report.

1.2 Laboratory Testing Program

Laboratory testing was conducted using the Georgia Loaded Wheel Tester
(GaLWT). Tests were conducted on HMA specimens produced in the laboratory, using
mix designs and materials for each project, as well as on field specimens extracted

from completed paving projects throughout the State of Wisconsin.

1.3 Field Rutting Measurements
Field rutting data were collected using the Wisconsin Department of
Transportation (WisDOT) road profiler. Data was collected during the months of

September and October from 1995 to 1998.

1



Figure 1-1: Project Locations
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Table 1-2: Description of In-Place Test Sections

Test Section

Code Mix Design Description
HV3 WisDOT standard dense graded high volume mix (Control)
MV3 WisDOT standard dense graded medium volume mix
SMA Standard SMA mix with no additives
SMA - F1 SMA with 0.3% organic fibers
SMA - F2 SMA with 0.5% inorganic fibers
SMA - E1 SMA with 3% MAC 10 elastomeric polymer
SMA - E2 SMA with 5% MAC 10 elastomeric polymer
SMA - P1 SMA with 5% Vestoplast polymer
SMA - P2 SMA with 7% Vestoplast polymer
SHRP-MAC10 | SHRP mix design with 3% MAC10 elastomeric polymer
SHRP-X SHRP mix design - no polymers
HV3-MAC10 WisDOT HV3 mix with 3% MAC10 elastomeric polymer
A3 Previous WisDOT standard dense graded high volume mix
SMA(E) Original European design SMA mix




2.0 TRAFFIC ANALYSIS

Traffic information for the pavement sections included in this study was

obtained from pavement design reports prepared for each project. This information

'was analyzed to determine yearly accumulations of Equivalent Single Axle Loads

(ESALs) for each project site. Information utilized for this analysis includes:

Construction Year / ADT
Design Year /| ADT
Directional Factor

Lane Distribution Factor
Truck Traffic Distribution

obhowb-=

The average annual traffic growth rate was determined based on the specified

construction year and design year ADT values using the equation:

_( pyADT \7 _
CYADT
where: g = average annual growth rate, decimal value
DYADT = Design Year ADT
CYADT = Construction Year ADT

N = design years, typically N=20

Construction year total ESAL values within the design lane were determined using the

equation:

CYDLESAL =[ 3} T,x TF,|x CYADT x DF x LDF x 365

where: CYDLESAL = total construction year design lane ESALs
T, = % of ADT for truck classification i, decimal value

TF, = WisDOT truck factor for truck classification i

5



DF = direction factor

LDF = lane distribution factor

The total design lane ESAL values in any year are determined by multiplying the
previous year total design lane ESAL value by (1+g). Cumulative design lane ESAL
values for any year are determined as the simple summation of previous years ESAL
values. Table 2-1 provides an example of this calculation process. It should be noted
that the total 20-year cumulative design lane ESAL values calculated by the above
process will yield a result which is lower than the 20-year total design lane ESAL
values calculated by the standard WisDOT analysis procedures for any g > 0. This
discrepancy increases as g increases.

The cumulative design lane ESAL values at the time of field rutting
measurements at each project site were determined based on the construction year
used for the ESAL calculations, the actual year the project was constructed, and the
year of the field survey. For example, if the example pavement described in Table 2-1
was actually constructed in 1994, the total accumulated ESALs at the time of a
September 1995 field survey would be assumed equal to 52,972 (Year 1995 design
lane ESALs). Table 2-2 provides the placement dates and estimated cumulative ESAL
values for each project site at the time of the 1995, 1996, 1997 and 1998 field

surveys.
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Table 2-1: Example ESAL Calculations

Construction Year / ADT Design Year / ADT Directional Factor Lane Distribution Factor
1993 /4100 2013 / 5000 DF = 0.5 LDF = 1.0
Annual Growth Rate, g = [ 5000 /4100 ]%% -1 = 0.01
Truck Type % of ADT, Ti Truck Factor, TFi ESAL
2D . 0.044 0.3 0.0132
3-SU 0.006 0.8 0.0048
25-1, 2S8-2 0.027 0.5 0.0135
38-2 0.031 0.9 0.0279
DBL BTM 0.005 2.0 0.0100
Y Tix TR = 0.06394
CYDLESAL = [ ¥'Ti x TFi ] x CYADT x LDF x DF x 365 = 0.0694 x 4100 x 0.5 x 1.0 x 365 = 51,928
Year Yearly Design Lane ESALs Cumulative Design Lane ESALs
1993 51,928 51,928
1994 52,447 104,375
1995 52,972 157,347
1996 53,501 210,849
1997 54,036 264,885
1998 54,577 319,462
1999 55,123 374,584
2000 55,674 430,258
2001 56,231 486,489
2002 56,793 543,282
2003 57,361 600,643
2004 57,934 658,577
2005 58,514 717,091
2006 59,099 776,190
2007 59,690 835,880
2008 60,287 896,166
2009 60,890 957,056
2010 61,499 1,018,655
2011 62,114 1,080,668
2012 62,735 1,143,403
7
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3.0 LABORATORY RUTTING ANALYSIS

Laboratory testing, using the Georgia Loaded Wheel Tester (GalLWT), was
primarily conducted in 1994. Tests were conducted on lab prepared specimens, using
mix designs established for each project, and on specimens extracted from completed
paving projects. Not all mixes were included in the GaLWT testing program. Table 3-1
provides a summary of the GaLWT test results for the mixes tested. Details of the
test method and lab results are provided in the June 1996 project report entitled
“Comparison and Statistical Analysis of Field Rutting Measurement with Laboratory

Predictive Methods.”
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4.0 FIELD PERFORMANCE TESTING

Field surveys were conducted during the months of September and October
from 1995 to 1998 to establish average rut depths in the right wheel path of each test
section. The WisDOT road profiler was utilized for all data collection. During the
1995 survey, the proﬁler was equipped with three sensors for measuring the rut depth
in the right wheel path. During subsequent 1996-1998 surveys, the WisDOT road
profiler was upgraded to include six sensors for measuring rutting the in right wheel
path. Figure 4-1 illustrates the two sensor configurations and sensor spacings utilized

for field rutting measurements.

Rut depths were calculated from 1995 survey data by subtracting the average of the
outer sensor readings from the wheel track value. Rut depths were calculated from
1996-1998 survey data by subtracting the average of the outer sensor readings from

the maximum reading of the four central sensors.

Rut depth measurements were made at one foot increments along each test section.
These data were grouped into 100 foot sample increments and reported as average
rut depths within each 100 foot sample. These sample averages were utilized to
compute the overall average rut depths and the standard deviation of rut depth
measurements within each test section. Due to variable test section lengths, the
number of 100 foot sample increments was also preserved for use in the statistical

analysis. Table 4-1 provides a summary of all collected field rutting data.
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1995
Sensor
Configuration

1996-98
Sensor
Configuration

WisDOT
Road
Profiler
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Right
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Figure 4-1: WisDOT Road Profiler Sensor Configurations

14



Gl

*ajqe|ieaeun ejep yidap iny ()

*sayoul ‘sjuswalinsesaw yidep 1n1 jo uoneinap piepuels (£)
*UO0I1108S 1831 UIYlIM Sluswaloul 1004 00| paliodal jo saquinp (Z)
*sayoul ‘yred |gaym 1ybB ul yadap 1ni abesaae |[eionQ (|)

03 uoyiesepy/aberiod
) 12} 12} VLLLLEL 0£20°0 809 980°0 ZOS't0’L 29200 ¥€9 60Z°0 Lie'sLL 99100 P€9 820°0 BLE'LLG €AH 1gsn
E£PEO'0 or $90°0 LYS'L6Y L1100 124 8010 292's6€ L¥20°0 ov 1800 LBE'V6T 06200 L £50°0 868°v61L €AH
$0L0'0 St zZL'0 R 2-WA-14 Z010°0 St 011’0 292'S6€ LLEO'O 5174 LS00 L8E'V6T 11200 St $50°0 868'v61 Zd-YS
€950°0 g€ 210 LvS L6y 0820°0 124 voL'0 z9z's6e LE6EO'O 44 £90°0 L8E'V6T LOV0'0O 44 €900 868'v61L Ld-VINS
EYY0°0 oy [ TAN] LvS L6y 80100 8¢ §ZL'0 292°56€ 0£20°0 (13 8€0°0 L8E'Y6T L0Z0'0 6€ 9¥0°0 868°v61L Z3-VWS
‘00 anaAejeiueio)
YEVO'O 8¢ L60°0 Lvs'L6Y Z1100 8€ LLL'O 292's6€ 09v0°0 8t 680°0 LBE'V6T 98200 g€ 8500 868'v61 L3-S 181 HSN
£v90°0 16 6210 1S’ LBY 12€£0°0 ot §L1°0 z9Z'S6¢E SLEOQ ov vL0'0 LBE'V6T 6¥20°0 ov $50°0 868'v61 T4-VWS
9060°0 0s YEL'O LYS'L6Y 96100 514 LzZ1'o 292°96€ vOv0'0 (514 900 L8E'V6T 9920°0 (514 9800 868761 Ld-VINS
0L10°0 61 £90°0 SY9'L8L°L 4] i} (2] 6ZE'E0OP'L (i} ) v 668'CE0’L v58'SL9 OLIVIN-AH
Y100 or 6600 SY9°L8L L YELO'O £ 680°0 6ZE'EOV’L 9010’0 e 8¥0'0 668°ZEQ’L 9Z10°0 LE $90°0 ©98'SL9 EAH 09 yLOMEM
(8s) ev-
ZEZ00 o] 1zLo SY9°L8L 1 8£20°0 oy ooL'o 6ZE'E0V’L 90100 oy §50°0 668'2E0°L 2800°0 oy 850°0 $S8°'SL9 Z3-YWS
£510°0 sv 880°0 Sv9'L8L°L 2 (12} v 6ZE'E0P’L v (12} v 668'Z€0°L 2] W) 4] $58°649 13-VNS
0vZ0°0 34 LZ4°0 Sv9'L8L°L 17] v [14] 6ZE'EOY’L (2} 2 [14] 668'CE0'L 7] 4] (7] 58'SL9 EAH
€0£0°0 €Y 080°0 Sv9'2L8L°L [17] t2] [12] 62E'EOV’L 2l v (12} 6682€0°L 17} 12} ) +58°5L9 2d-VYWS
8.Z0°0 14 0L0°0 S¥9°L8L°L L9100 or 9EL'O 6ZE'EOVL £1L10°0 ov §L0'0 668'2€0°'t S¥10°0 ov £20'0 $58'6L9 T4-VAS -00 yLOMiEM
(aN) et
9620°0 19 vOL0 Sv9°L8L°L LLEQ'0 SE 6210 6ZE'EOY'L 8810°0 SE 8.0'0 668'CE0"L 60100 =13 L20°0 v58°G49 Ld-VINS
90£0'0 08 £90°0 SY9'L8L°L S810°0 ot €21°0 6ZE'EoV’L 62200 oy S60°0 668'ZE0°L LrLo0 ov ZEO0 58'S49 L3-VINS
(€) ) (1) Tvs3 (€) (¢) (1) vs3 (€} () (L} vs3 (€) (¢) (1) vs3a
o] u ny o u iny o] u iny o u ny adA) uopeso]
XiN Jo9loid
8661 L661 9661 G661

sjuawainses|\ Buniny pjel4 4o Alewwng : |-y 9|qe |



‘g|qe|ieaeun eiep yidap iny ()
'$8youl ‘sjuswainseaw Yyidap 1ni jJo uonelAsp piepuels (g)
*U0I108S 1581 UIYlIM S1UBaWaIoul 1004 00| pauodas o saqunpN (Z)
*sayoul ‘yled |saym 1ybus ul yidap 1ns abesane jjeianQ (L)
iy ) 114] 686261 0LEOO (44 L80°0 96951 §520°0 [A4 8910 €06°9L1L £EE0'C ta4 1800 Y6E'LL NZIA-YWS
32} 12} ) S85°L61 €800 8€ 9600 96961 08400 8¢ 08L'0 €06°911 LEYO'O 8t SOL°0 Y6E'LL Z3-VNS
v) {v) v} S86°L61 Z860°0 8¢ ozLo 796961 8L¥0°0 8¢ 0820 €06'9L1L Z6E0°0 8t 6L0°0 v6E'LL L13-YINS
[32] ) v} G85°L61 6LEO0C 6t LL0°0 796'9S51 90L0°0 6¢ L91°0 €069 1 €0v0°0 6€ 2600 Y6E'LL TdVINS
32 v 12] 586461 L9ECO 6¢ ¥80°0 96951 v8LL0 6€ 9220 €06°9L1 2890°0 6¢ 8600 VeE‘LL id-VINS
0Q se|ia/eplau0
. . . , . . B . . f (GN) §¥ HSN
12} ) 14] G84°L6L 12500 LE 20L'o ¥96°9G1 §860°0 LE 8L2°0 £06'91LL 9650'0 LE LEL'O vee'LL Z4YNS
12} ) ) G689'L6Y gizo'o 6€ 850°0 96961 9sv0°0 6€ 0gEL'0 €06°911 91€0°0 6¢ 9600 VEE'LL L34-YINS
p) 12l 12} S8G°L61L 0Lv0'0 98 290'0 ¥96'951 89390°0 98 vl'o €06°911 0LEQO 98 0800 Y6E‘LL EAH
ov20'0 €L W00 T95'6vZ 68100 vz S61°0 £6L'S81 oLeoo ve €800 668'¢Z1 2800°0 ve ¥20'0 986°09 H-EAN
0) eiquinjod
6L10°0 174 €££0°0 298'6Ye 8820°0 €2 LylL'0 €G2°981L 0C10'0 €C 9.0°0 668221 Lyi0'0 €2 tv0°0 986°09 d-EAW €L HIS
‘0D aanem|IN
(12} ) i) 820'889°L L0200 LS £60°0 0SE’'E6E’L 91200 18] 0L0°0 ZYL'YoL’L 82200 LS G900 20e’0z8 YNS 00l HiS
‘0D eysaxnem
[12] v ) S80°L6Z 9610’0 LL v6L°0 §SL'91T 058100 YA €200 VLY'EDL 88100 L 9800 LZe'iL EAH L9 HiS
85000 14 8600 191'v98° LL00°0 [4 S0L°0 £€85'v8Y'C 00000 v 0900 VLE'LLL'T 8500°0 v S90°0 Ler'vrl’L eV
‘0D BYSIYNEAN
61100 LE voo 191°'v98'c v6E0°0 6¢C 9610 £8S'V8Y'C orLo'o oe vEO'0 PLE'LLL'T $020°0 o1 L80°0 Ley'evl’L (3IVINS v6-
{€) (2 {1) vsa (€) (2 (1) vs3 (€} (@ {1) vs3 (€} (2} (L vs3
o] u ny o u ny o] u iny 0 u iny adA} uopeso]
XN 100losg
8661 L661 9661 G661

("1u0D) siuawsainsesy Buininy piai4 Jo Arewwng : -4 9|qey



Ll

*a|gejieAeun elep yidsp 1ny ()

*sayoul ‘sjuswainseaw yidap 1N Jo uolieinap piepuels (g)
‘'U0I198S 1S9} UIYLIM SjuawWaIoul 100} OO | pallodal Jo Jaqunp (Z)
*sayout ‘Yied jpaym 1ybu ui yidap 1na abeiaae |jesanQ (1)

$920°0 0z €600 102°220't S£Z0'0 oz 60°0 06¥°LSL'E 19100 oz 950'0 £20'v2€'2 ) (4] (v 2L9'028°L X-ddHS
8620°0 og £€60°0 102’220y vL10°0 o€ £0L°0 06b°LSL'S €510°0 oe 1900 €20'v2E'C (] v 2 TL9°028'L Ld-YINS
68200 og €210 102°220't £120°0 ot SZ1'0 06Y'LGL'E §910°0 o€ 0900 £20'vZE'T 2] (7] V2] TL9'025L Z4-VINS
2€20°0 62 TAN0] 102°220't Z810°0 (:14 911’0 06¥°LS1L'E LEZ0°0 62 6900 £20'vZE'T 2] tv) ({7} zL9°02G°L L4-YWS -0 euseIneM
(aN) €+
OLOVI
L8200 €2 [{JAN) 102'220'Y ¥610'0 >4 E€EL°0 o6b'LSL'E 6L10°0 €2 £80°0 £20'72E'T v v v z7L9°028'L duHS
8ZE0'0 8z 8L0°0 102°220't 0620°0 [:14 PELO 06Y'LSL'E £610°0 8z L8500 £20'¥2E'T 1] 2] 4] zL9°'0T8°L EAH
‘00 neajeadwal ),
) 2] (v} PrE‘LSL 0920°0 L€ 900 SLE'YOL SL10°0 LE 0£0°0 626°15 SZL00 e 9z0°0 09zy JYHS-EAW €6 HIS
saBueydisiul BYdUN-2leH
%] (4] v 908'vIL'E 88100 19 £€80°0 €LE'68EC L6200 59 9010 ver'e9s’L ZETO 59 2900 ve0'LLL YIS ‘00 adNeMIN YE8/ED-
safiueysisiu| sjey-00zZ
4] 2] v 8£.'G89°E 62v0°0 Lz 0800 Sv0'2€6°C 8520°0 Lz 8L0°0 z8L'881°C 61200 Lz 890°0 £08'GSY'L VNS "00 @dNNeMIN Y68+
) 2] v v LPE 81200 Ty 1010 Lzy'iLe 0vE£0'0 [4% €510 8¥9'702 TEEO'0 [47 08'0 veL'YEL WZ3-YWS
2] v v vl LvE v920°0 8¢ +¥90°0 LZv'LLe L0500 8¢ 152°0 8v9°Z0¢ v8Y0°0 8¢ §80°0 veLYEL ZIYNS
4] ) ({2} ovi’LvE LL50°0 33 Y10 Tr'ie zZLL00 6€ 8920 8v9°20¢C 06v0°0 6¢ 860°0 PeLVEL 13-VIAIS
v 2] 4] oYLLYE 0200 (13 990°0 LYz LEGO0 6¢ A 8v9'202 66200 6¢ 950°0 PELVEL ZdVINS
] 2] ) oL LYE SEE0°0 6 vL0°0 LTV LLT 1650°0 6¢ L9270 819'20Z §8v0°0 6 £60°0 PEL'VEL 1d-VYINS .o.um_H_an_.ﬂ_v_mﬂo
(2] (4] 4] 9vLLYE 08500 g€ £60°0 LZr'iLe 00900 9e 162°0 8v9'202 0LY0'0 g€ 0L0°0 YeLYEL Z4YWS
(12} ) 2] VL LYE L8200 6¢ 890°0 Zv'iLe 61500 6€ €620 8v9°20¢ 1Zv0°0 6¢ ZL0°0 PELVEL L4-YINS
) ) v v LYE £220°0 98 S0°0 eyv'e LELOO 98 ovT o 8v9'20¢T SS¥0°0 98 LLO0 vEL'VEL E€AH
(€) () (L) vs3a (€} (2) (L) avs3a (€) () (L) vs3 (€) (2) L) vs3a
o] u ny 0 u iny o] u iny o) u ny odAj uoneso
XN 108f04d
8661 L661 9661 G661

(‘1u0D) siuswainseajy Builiny piei4 Jo Alewwng : |- ajqe |



8l
‘a|qejieAaeun elep yidasp iny ()
*$ayoul ‘sjuswainsesw yidap 1n1 JO UOEBIASD piepuels (£)
"UoI108s 1891 UIYlIM S1uawaidul 1004 00| paliodal jo JaquinN (Z)
‘seyoul ‘yied |saym b up yidap s abeiane [|e19AQ (L)
08£0°0 oz 980°0 102220y $910°0 0z LoL'o 06Y°LSL'E 01100 oz 1200 £20v2E'T v ] ) zL9'0Z5'L X-d4HS
isvoo | oe £60°0 10Z'220'p LLLO0 0E 010 06Y°LGL'E 8¥10°0 o€ 9900 £20'v2E'T ) ] ) zL9'0z8°L Td-YNS
gse00 | oc ¥60°0 102°220'y 00v0°0 oF 0800 06Y°LGL'E 85100 og §50°0 £20'v2E'T (1] 7] 7] zL9'0z8'L Z3-VNS
. ‘02 BUSaYNEAA
ovE0'0 8z 910 102°220'y LOEDO 8z 511°0 06Y'LGL'E 6800°0 8z 6500 £20'YZE'T ) ) ) TL9'028°L 13-YNS @s) -1
tzzoo | vz £80°0 102°220'y 0£10°0 74 0600 06V’ LSL'E ZLL0'0 vT 0L0°0 £20't2ZE'T (2] ) 7] zL9°0z5'L oLV
80£0'0 6z zL00 102°'220"p £110°0 8z ¥L0°0 06Y°LGL'E 19100 6T 9900 £ZO'YTE'T {v) ) 7] zL9'025°L €AH
(€) {¢) (L) 1vs3 (€) (2) () 1vs3 (€) (2) {1L) vs3 (€) (¢} (1) vs3
o u ny o) u ny o] u ny fo) u ny adA) uot1es07
XHN 308foad
8661 L66L 9661 5661

(*1u0)) sswalinseal Bunniny pjal4 jo Alewwng : |- 8|qe |



5.0 ANALYSIS OF COLLECTED DATA

The collected field and laboratory rutting data was analyzed to 1) determine the
statistical significance of differences in mean rutting observed within each test section,
and 2) to determine if a correlation could be developed between GaLWT test results

and field performance.

5.1 Statistical Analysis of Field Rutting Data

The primary objective of the statistical analysis of field rutting data was to
differentiate HMA mix designs based on accumulated rutting as a function of traffic
loadings. It was initially intended to combine all collected field data (i.e., all survey
dates and project site combinations) to develop general rutting models. A review of
collected field data indicates numerous data anomalies resulting in erratic rut depth
accumulations. Figure 5-1 illustrates this case for the five test sections constructed
with SMA-E2 mix designs. As shown, the data collected on USH 45 shows a
significant increase in rutting in 1996 (central ESAL value for each test section)
followed by an equally significant drop in 1997. Furthermore, the 1997 data indicates
lower average rut depths than the 1995 data (endpoint ESAL values for each test
section). These atypical trends, which were observed at many project locations, may
be associated with equipment modifications completed in 19986, resolution of rut depth
measurements, and/or vehicle placement during measurements. Regardless of the
cause, it was felt that aggregation of all collected data would be unjustified and that
site specific comparisons of rutting data, by year, would be more appropriate. This

strategy would also isolate two main variables, traffic and climate.

Based on the above premise, a paired-t analysis was conducted for each project site
using field rutting data collected during each survey year. The average rut depth for
each 100 foot sample segment within each test section was considered as one

observation. The number of observations (number of 100 foot sample segments), the
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overall average rut depth, and the standard deviation of sample segment rut depths
were determined for each test section as shown previously in Table 4-1. These values
were used to compute the t-value associated with the hypothesis test that the sample
means of two separate sections are statistically equal at the 95% confidence level.
Where computed t-values exceed those established based on the degrees of freedom

for the paired analysis, i.e., |t| > t o 14 2.2 it is concluded that the overall sample

means are statistically different.

Field Measured Rutting Values
SMA-E2 Mixes
0.30
0.25
0.20
£ A
[N a
ﬂg.f 0.15
o=:’ L W g a
0.10 A 2 2 L rY
& ¥ »
v
0.05 ’ L BN | ®
L 3
0.00
1E+04 1E+05 1E+06 1E+07
Estimated Cumulative ESALs
@ H43-Walworth Co. @ F43 Waukesha Co. ¢ USH 151 A USH 45 (NB)
v USH 45 (SB) a USH45 (NB) - E2M ¢ USH 45 (SB) - E2M

Figure 5-1: Field Rutting Measurements for SMA-E2 Mix Designs
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Table 5-1 provides the results of this paired-t analysis. Tabular notations indicate
those sections with overall average measured rutting values that are statistically
greater than the referenced section. These results are comparative to an analysis of
variance (ANOVA) with the advantage that specific sections with greater rutting can

easily be identified.
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Table 5-1: Paired-t Analysis Results

Test Sections with Significantly Greater Rutting (95% Confidence Level)

(2} MV3-R

Base PCC rubblized before overlay

22

Reference
Section 1995 Data 1996 Data 71997 Data 7998 Data
USH 45 (SB) - Oneida/Vilas County
P1, F2, E1,

HV3 none F1 E2M n.a.
SMA-F 1 none none E1, E2M n.a.
SMA-F 2 none none none n.a
SMA-P 1 none none E1, E2M n.a.
SMA-P 2 P1,E1,E2 F1 E1, E2M n.a.
SMA-E 1 none none none n.a.
SMA-E 2 none none E1, E2M n.a

SMA-E2 M none All none n.a
USH 45 (NB) - Oneida/Vilas County
HV3 F2 P1, F2, E1 E1 n.a.
P1, F2, P1, F2, E1, E2,
SMA-F 1 P2, F2, E2 E1, E2M E2M n.a
SMA-F 2 E2M E2 none n.a
SMA-P 1 none none none n.a
SMA-P 2 none F2, E1 none n.a
SMA-E 1 F2 none none n.a
SMA-E 2 none E1 none n.a
SMA-E2 M F2 E1,F2 none n.a
STH 73 Columbia County
MV3-P (1) MV3 - R MV3 - R n.a
MV3-R (2) MV3-P n.a
(1) MV3-P = Base PCC w/ joint patching



Table 5-1: Paired-t Analysis Results {(Cont.)

Test Sections with Significantly Greater Rutting (95% Confidence Level)

Reference
Section 1995 Data 1996 Data 1997 Data 7998 Data
USH 1517 - Grant/Lafayette County
F1, F2, P1, P2,
HV3 none E1 F1 E2
SMA-F 1 none none none none
SMA-F 2 none none none none
SMA-P 1 none none E1, F1, E2 none
SMA-P 2 none none E1, F1, E2 none
SMA-E 1 none none F1, E2 none
SMA-E 2 none E1, P1, F2 none none
1 - 43 (NB) Walworth County
SMA-F 1 none none none P1, HV3
SMA-P 1 none F1 F1 HV3
SMA-F 2 none F1 none P1, HV3
SMA-P 2 none none none P1, HV3
HV 3 none none none none
1-43 (SB} Walworth County
SMA-E 1 none none none E2
SMA-E 2 none none none none
HV 3 none none none E2
HV-Mac 10 none none none E1, E2, HV3
! - 94 Waukesha County
SMAC(E) none none none none
A3 none none none none
23




Table 5-1: Paired-t Analysis Results (Cont.)

Test Sections with Significantly Greater Rutting (95% Confidence Level)

Reference
Section 1995 Data 7996 Data 71997 Data 71998 Data
1-43 Waukesha County (NB)
HV3 n.a. none none MAC10, F1, F2
SHRP MAC10 n.a. none none none
SMA-F 1 n.a none none none
SMA-F 2 n.a none none none
HV3, MAC10,
SMA-P 1 n.a. none F2 F1, F2
HV3, MAC10,
SHRP-X n.a. none F2 F1
1-43 Waukesha County (SB)
MAC10,
HV3 n.a none SHRP-X E1
SHRP MAC10 n.a none none E1
MAC 10, HV3, MAC10,
SMA-E 1 n.a SHRP-X E2, SHRP-X none
SMA-E 2 n.a none none E1
SMA-P 2 n.a none HV3, MAC10,
E2, SHRP-X none
SHRP-X n.a. none none E1
24



5.2 Discussion of Paired-t Analysis
To clarify the results presented in Table 5-1, each project location will be

discussed separately followed by an overall discussion of results. It should be noted
that project locations at USH 51, USH 53, STH 67, 1-894, 1-43/894 and STH 100 did
not contain variable mix designs and thus no paired-t analysis could be conducted.
Rutting results from these sections are included in the correlation analysis between the

GaLWT and field observations presented in Section 5.3.

5.2.1 USH 45 (SBJ] - Oneida/Vilas Co.

The collected field data indicates variable results based on the year of testing.
The 1995 data indicates section P2 has the best performance with sections P1, E1,
and E2 performing the worst. The 1996 data indicates section E2M (milled AC
surface) has the best performance and section F1 the worst. The 1997 data indicates

sections E1 and E2M are the worst performing and the HV3 the best.

5.2.2 USH 45 (NB) - Oneida/Vilas Co.

The 1995 data indicates section F2, which had the greatest rutting, was
performing significantly poorer than sections HV3, F1, E1, and E2ZM. The 1996 data
also indicates section F2 had the worst performance, being significantly poorer than
sections HV3, P2, and E2M. Section E1 had the second worst performance, being
significantly poorer than sections HV3, F1, P2, E2, and E2ZM. The 1997 data indicates
section F1 had the best performance, being significantly better than sections P1, F2,

E1, E2, and E2M.

5.2.3 STH 73 - Columbia Co.

The 1995 data indicates the MV 3 section constructed over the patched PCC
pavement is performing significantly poorer then the MV 3 section constructed over the
rubblized PCC pavement. This performance analysis is reversed for the 1996 and

1997 data.
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5.2.4 USH 1517 - Grant/Lafayette Co.

The 1995 data shows no significant variations between sections. In 1996, the
best performing E2 mix had significantly better performance that sections E1, P1 and
F2. The Control HV3 mix also had significantly better performance than the E1
section. In 1997, sections F1 and E2 had the worst performance, being significantly
poorer than sections HV3, P1, P2, and E1. In 1998, the HV3 mix had the best

performance, being significantly better than all but the E1 section.

5.2.5 I-43 (NB) - Walworth Co.

The 1995 - 1997 survey only includes data from sections F1, E1 and P1. No
significant variations between sections was noted in 1995. In 1996, section F1 had
the worst performance, being significantly poorer than sections P1 and P2. In 1997,
section F1 again had the worst performance, being significantly poorer than only
section P1. The 1998 data, which includes all sections, showed the HV3 section to
have the worst performance, being significantly poorer than all other sections. Section
P1 had the second worst performance, being significantly poorer than the remaining

F1, F2, and P2 sections.

5.2.6 I-43 (SB) - Walworth Co.

The 1995 - 1997 survey only includes data from sections HV3 and E2. No
significant variations between sections was noted between 1995 - 1997. The 1998
data, which includes all sections, indicates the HV MAC 10 section to be performing
the best, having significantly less rutting than all other sections. Section E2 had the
second worst performance, being significantly poorer than the remaining HV3 and E1

sections. No significant differences between the HV3 and E1 sections were noted.

5.2.7 I-94 - Waukesha Co.
No significant differences were noted between the SMA(E) and A3 sections for

any of the 1995 - 1998 survey years.
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5.2.8 I-43 (NB) - Waukesha Co.

No 1995 survey data was available. The 1996 data showed no sighificant
difference in test section performance. The 1997 data indicated the HV3, MAC10 and
F2 sections to be performing significantly poorer than the P1 and SHRP-X sections.
The 1998 data indicates section F1 is the worst performing, being significantly poorer
than section HV3, P1 and SHRP-X. The second worst performing section was section
F2, being significantly poorer than sections HV3 and P1. The next poorer section was
the MAC10 section, having significantly poorer performance than the best performing

HV3 section.

5.2.9 I-43 (SB) - Waukesha Co.

No 1995 performance data was available. The 1996 data indicated that section
E1 had the best performance, being significantly better than sections MAC10 and
SHRP-X. The 1997 data indicated the SHRP-X and MAC10 sections had the worst
performance, being significantly poorer than all but the E2 section. Sections E1 and
P2 were performing significantly better than all other sections. In 1998, the
performance trends reversed, with the worst performing section E1 being significantly

poorer than all sections except the next worst performing section P2.

5.2.10 General Performance Trends
Appendix A provides plots of field rutting data collected between 1995 and
1998 for each mix design. Zero-intercept log-linear performance equations, developed
from collected rut data after exclusion of data outliers, are provided in Table 5-2. The
zero-intercept equations are of the form:
RD = A * Log (ESAL)

where: RD = rut depth in right wheel path, inches
A = regression constant
ESAL = estimated cumulative ESAL value

As can be seen in Table 5-2, all zero-intercept equations have poor correlation
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statistics (i.e., R? < 0.4) indicating this simple model form will not prove useful for
predicting field ruttting behavior.

Table 5-2: Rutting Performance Equations
Rut Depth = A* Log ( ESAL )

Mix Type Location A R?
F1 I-43 Walw 0.014 .092
F1 1-43 Wauk 0.016 17
F1 USH 1561 0.017 .132
F1 All (1) 0.016 .104
F2 1-43 Walw 0.013 .075
F2 1-43 Wauk 0.016 .088
F2 USH151 0.017 .159
F2 Ali (1) 0.016 .036
P1 I-43 Walw 0.013 .079
P1 I-43 Wauk 0.013 .106
P1 USH151 0.016 71
P1 All (1) 0.014 .044
P2 1-43 Walw (2) (2)
P2 I-43 Wauk 0.014 » 124
P2 USH151 0.016 137
P2 All (1) 0.014 .066
E1 1-43 Walw {2) (2)
E1 I-43 Wauk 0.016 .092
E1 USH151 0.016 175
E1 All (1) 0.016 .180
E2 1-43 Walw 0.014 .133
E2 1-43 Wauk 0.012 137
E2 USH151 0.015 .091
E2 All (1) 0.014 .044

(1) Excludes USH 45 data
{2) Insufficient data for analysis
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Table 5-2: Rutting Performance Equations (Cont.)
Rut Depth = A* Log ( ESAL)

Mix Type Location A R?
HV3 1-43 Walw 0.014 .319
HV3 I-43 Wauk 0.011 .381
HV3 USH 151 0.011 .288
HV3 USH 51 0.010 .100
HV3 STH 67 0.024 .308
HV3 194 0.012 .058
HV3 All (1) 0.013 -.081
SMA Ryan Rd 0.013 .168
SMA | 894 0.012 .345
SMA 143 MAC10 0.014 .060
SMA 143 SHRP-X 0.012 141
SMA All 0.013 .146
MV3 STH73-P 0.018 .147
MV3 STH73-R 0.018 .123
MV3 All 0.018 .133
SHRP STH 53 0.009 .367

1) Excludes USH 45 data

Table 5-3 provides unconstrained log-linear performance equations, again developed

from collected rut data after exclusion of data outliers. The unconstrained equations

are of the form:

where:

RD = A * Log (ESAL) + B

RD = rut depth in right wheel path, inches
A,B = regression constants
ESAL = estimated cumulative ESAL value
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Table 5-3: Unconstrained Rutting Performance Equations
Rut Depth = A* Log (ESAL) + B

Mix Type Location A B R? Delay(1)
F1 I-43 Walw 0.290 -1.657 .984 5.1E5
F1 1-43 Wauk 0.240 -1.456 .909 1.1E6
F1 USH151 0.215 -1.091 .853 1.2E5
F1 All (3) 0.029 -0.079 131 5.3E2
F2 I-43 Walw 0.338 -1.950 .974 5.8E5
F2 1-43 Wauk 0.274 -1.677 .784 1.3E6
F2 USH151 0.194 -0.979 .956 1.1E5
F2 All (3) 0.031 -0.094 0.134 1.0E3
P1 I-43 Walw 0.318 -1.830 .987 5.7E5
P1 I-43 Wauk 0.142 -0.837 .5699 7.7E5
P1 USH151 0.156 -0.772 .866 8.7E4
P1 All {3) 0.015 -0.003 0.044 1.6E0
P2 1-43 Walw (2) (2) (2) (2)
P2 I-43 Wauk 0.137 -0.799 .653 6.9E5
P2 USH151 0.182 -0.916 .833 1.1E5
P2 All {(3) 0.013 0.010 0.067 0]
E1 1-43 Walw (2) (2) (2) (2)
E1 1-43 Wauk 0.327 -2.022 .965 1.5E6
E1 USH151 0.173 -0.855 1.000 9.0E4
E1 All (3) 0.024 -0.053 0.206 1.5E2
E2 I-43 Walw 0.159 -0.879 .800 3.4E5
E2 I-43 Wauk 0.165 -0.993 .991 1.1E6
E2 USH151 0.234 -1.207 724 1.4E5
E2 All {3) 0.016 -0.015 0.045 8.6E0

{1) Accumulated ESALSs prior to rut initiation
(2) Insufficient data for analysis
(3) Excludes USH 45 Data
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Table 5-3: Unconstrained Rutting Performance Equations {(Cont.)
Rut Depth = A* Log (ESAL ) + B

Mix Location A B R? Delay (1)
HV3 I-43 Walw 0.079 -0.398 .998 1.0E5
HV3 1-43 Wauk 0.027 -0.103 .b87 7.0E3
HV3 USH 151 0.022 -0.060 .390 6.4E2
HV3 USH 51 (2) (2) (2) (2)

HV3 STH 67 (2) (2) (2) (2)

HV3 194 0.251 -1.511 .613 1.0E6
HV3 All (3) -0.003 0.096 .004 0

SMA Ryan Rd 0.118 -0.636 .830 2.5Eb
SMA 1 894 0.029 -0.106 527 4.5E3
SMA i43 MAC10 0.126 -0.729 .285 5.8Eb
SMA 143 SHRP-X 0.112 -0.649 .678 6.0Eb
SMA All (3) 0.043 -0.192 .287 2.8E4
MV3 STH73-P 0.202 -0.928 .874 4.0E4
MV3 STH73-R 0.263 -1.239 .958 5.2E4
MV3 All 0.232 -1.083 .909 4.7E4
SHRP STH 53 0.021 -0.054 .43 3.6E2

(1) Accumulated ESALs prior to rut initiation
(2) Insufficient data for analysis
(3) Excludes USH 45 Data

As shown in Table 5-3, the unconstrained log-linear model form provides significantly
better correlations, with many site-specific models having R? values greater than
0.900. However, all models have negative intercept values (B) indicating a negative
rut depth after the first ESAL application which is in obvious conflict with pavement
behavior. From another viewpoint, the negative intercept values (B) can be combined
with the positive slope values (A) to provide an indication of the cumulative applied
ESAL values prior to the initiation of rutting. For this analysis method, the ESAL delay

to rut development can be calculated as:
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Delay = 10'®A

where: Delay = cumulative ESALs prior to rut initiation
B = regression constant (intercept)
A =regression constant (slope)

Calculated delay values are provided in Table 5-3 for each performance equation.

Figure 5-2 illustrates the goodness of fit for the zero-intercept and unconstrained log-
linear performance for a representative pavement section, plotted with arithmetic ESAL
scaling. As shown, the zero-intercept model form provides for proper zero-ESAL/zero-
rut initiation but everywhere else the model poorly describes observed field behavior.
Conversely, the unconstrained model form provides excellent agreement with field data

as well as capturing the general trend of observed long-term field rut development.

Table 5-4 provides a relative ranking (1 =best) of field rutting performance for the
three Southern Wisconsin test locations which included the full range of mix type
variations. For these rankings, a smaller regression constant A (slope) indicates better
rutting performance (i.e., slower rut depth accumulation with increasing ESALs). From
this perspective, the standard HV3 mix design provides the best long-term rutting

performance based on the collected field data.

It is also interesting to note that higher slope values are consistently paralleled with
increased delay values. These increased delays, however, are not sufficient to offset
the accelerated rut development indicated by the higher slope. This would indicate
that projected long-term rutting would be higher for mix types with higher slope
values. Figure 5-3 illustrates this point for selected mix types along I-43 in Waukesha

County.
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Table 5-4: Rutting Performance Rankings for Southern Wisconsin Locations
Rut Depth = A* Log (ESAL) + B

Mix Relative Project Slope ESAL
Type Ranking Location A Delay(1)
HV3 1 -43 Walw 0.079 1.0Eb5
E2 2 I-43 Walw 0.159 3.4E5
F1 3 1-43 Walw 0.290 5.1E5
P1 4 1-43 Walw 0.318 5.7E5
F2 5 1-43 Walw 0.338 5.8E5
P2 -43 Walw 2 (2)
E1 I-43 Walw (2) (2)
HV3 1 I-43 Wauk 0.027 7.0E3
P2 2 I-43 Wauk 0.137 6.9E5
P1 3 [-43 Wauk 0.142 7.7E5
E2 4 [-43 Wauk 0.165 1.1E6
F1 5 [-43 Wauk 0.240 1.1E6
F2 6 1-43 Wauk 0.274 | 1.3E6
E1 7 I-43 Wauk 0.327 1.5E6
HV3 1 USH151 0.022 6.4E2
P1 2 USH151 0.156 8.7E4
E1 3 USH151 0.173 9.0E4
P2 4 USH151 0.182 1.1E5
F2 5 USH151 0.194 1.1E5
F1 6 USH151 0.215 1.2E5
E2 7 USH151 0.234 1.4E5

(1) Accumulated ESALs prior to rut initiation
(2) Insufficient data for analysis
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5.3 Correlations Between GaLWT and Field Rutting Measurements

A preliminary analysis of GaLWT test results and field performance was
completed by ranking the various mix designs based on rut accumulations in the lab
and in the field. The GaLWT test results are commonly used only as indicator values,
separating rut susceptible mixes from non-rut susceptible mixes based on the rut depth
measured after 8,000 load repetitions. A rut depth value of 0.3 inches (7.5 mm) was
initially established as the threshold laboratory indicator value. Other States have
developed modified threshold values based on research similar to that presented in this
report.

Table 5-5 provides a relative ranking of test sections for the three project
locations which contained variable mix designs and where lab samples were tested.
Rankings are based on laboratory test results as well as field rutting performance
measured during the most recent field survey at each site. For ranking purposes, the
best performing mix was selected as having the least amount of measured rutting.
Subsequent rankings indicate increased rut depth measurements. Laboratory-based
rankings shown in brackets represent mixes with rut depths exceeding 0.3 inches,
mixes which may be considered as rut susceptible based on original guidelines.

The data provided in Table 5-5 indicates general agreement between lab and
field rankings for sections constructed along I-43 in Walworth Co. The lab results do,
however, indicate significant differences between rankings for F1 and E2 mixes based
on lab prepared and field obtained specimens. Test results for the lab prepared
specimens are in better agreement with field observations. For sections constructed
along USH 151 in Grant/Lafayette Co., lab results between lab prepared and field
obtained specimens are in general agreement with slight shifts in relative rankings.
Comparisons between field and lab rankings are erratic, with the best performing field
mix (HV3) being the worst performing lab mix. For sections constructed along USH
45, comparisons between field and lab rankings are also erratic. Again, the better
performing field mix (HV3) was the worst performing lab mix. Also, the best

performing lab mix (E2) showed poor performance on the Northbound section. The
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remaining sections are generally ranked consistently between lab and field results.

Table 5-5: Relative Ranking of Mix Designs

Project Location

Test Result

Relative Ranking - Best to Worst (1)

Lab - Lab Prepared

F1-F2-P1-[E2-HV3]
(E1, P2, HYMAC10 not tested)

Lab - Field Obtained

-43 Lab - Field Obtained E2-F2-P1-[HV3-F1]
Walworth Co. (E1, P2, HYMAC10 not tested)

NB Field Measurements F1-F2-P2-P1-HV3

SB Field Measurements HVMAC10 - E1 - HV3 - E2

Lab - Lab Prepared P2 -P1-F1-E1-F2-HV3 (E2 not tested)
USH 151 P1-P2-E1-F1-F2 (E2,HV3 not tested)

Grant/Lafayette Co.

Field Measurements

Hv3-E1-P2-P1-E2-F2-F1

USH 45
Oneida/Vilas Co.

Lab - Lab Prepared

E2-P2-P1-F1-F2-P1-HV3(E1 not tested)

Lab - Field Obtained

{No field obtained specimens tested)

NB Field Measurements

F1-HV3-P2-P1-E2M-E2-F2-E1

SB Field Measurements

HV3-E2-P2-F1-P1-F2-E2M-E1

(1) Values in brackets [ ] indicate mixes with lab measured rutting exceeding 0.3 inches @ 8,000 reps

To develop numeric correlations between GaLWT rut accumulation and field
rutting due to ESAL loadings, plots of GaLWT rut depths versus load repetitions were
prepared for each test specimen. Using these plots, trend lines were constructed to
represent laboratory rutting accumulation. Field measured rut depths at estimated
accumulated ESAL values were then used as inputs to back-estimate the GaLWT load
repetitions which produced rut depths of equal magnitude. Separate analyses were
conducted for the laboratory prepared specimens and field obtained specimens, where
available. Figures 5-4 and 5-5 illustrate comparative data, excluding atypical field
rutting data, obtained from all project locations.

The benefit of analyses of this type is that both mix design and applied traffic

can be excluded as variables. The only remaining variables are specimen type (i.e., lab
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prepared or field obtained) and field climate. It may be argued that GaLWT results on
field obtained specimens, as compared to lab prepared, may provide better estimators
of field rutting performance as the compacted density and aggregate structure
represent in-place conditions. On the other hand, if GaLWT test results are to be used
during the mix design process, lab prepared specimens are all that would be available.
Compaction protocol (i.e., full-face repetitive, rolling-wheel, gyratory) affects aggregate
structure and the full-face repetitive process used during lab testing may have
produced specimens which are not fully representative of field conditions. Field
climatic exposure also affects the rutting performance of an HMA pavement. Currently
WisDOT does not differentiate mix design requirements based on project location
within the State. The GaLWT protocol utilizes a test temperature of 105°F, which may
be more representative of Southern U.S. locations. For comparative purposes, data
points on Figures 5-4 and 5-5 indicate general location within the State. Separate
identifiers were utilized for southern locations (USH 151, 1-43, STH 67 and STH 100),
central locations (USH 51), and northern locations (USH 45).
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5.4 Discussion of GaLWT Data Correlations

The results presented in Figures 5-4 and 5-5 indicate no general trend of data
can be established. The broad scatter of the data precludes the development of a
meaningful correlation equations. The results presented in Figure 5-5 show slightly
better trends, with increased estimated ESALs generally indicating higher GaLWT load
repetitions to equal rut depth. However, no field specimens were obtained from the
Northern sections, eliminating those data points which added significantly to the
scatter in Figure 5-4.

Using only the field data from the Northern and Central sections, the following

regression equations were developed:

Lab Prepared Specimens:

Log(GaLWT Reps) = 0.42 Log{(ESAL) RZ = 0.06
Field Obtained Specimens:
Log(GaLWT Reps) = 0.40 Log(ESAL) R? = 0.06

The developed regression equations indicate no significant differences between
field correlations with lab prepared and field obtained specimens. However, both
equations have extremely small R? values, indicating significant érrors are associated
with GaLWT predictions for any given design ESAL value. As such, these equations
have little practical use at this time for establishing target GaLWT load repetitions as

a function of design traffic level.
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6.0 SUMMARY AND CONCLUSIONS

This report has presented an analysis of laboratory and field rutting performance
for a variety of HMA mix designs constructed throughout the State of Wisconsin.
Laboratory testing using the Georgia Loaded Wheel Tester was conducted on
specimens compacted in the lab as well as on specimens cut from the surface of the

constructed pavements. Field rut measurements were taken at yearly intervals

between 1995 and 1998 using two configurations of the WisDOT profiler.

Based on field rutting data collected in Southern Wisconsin, mix designs incorporating
the larger maximum aggreagte size (16 mm vs. 10 mm) are providing better long-term
rutting resistance. Furthermore, the SMA mix designs investigated are not providing
increased long-term rut resistance as compared to the standard WisDOT HV3 mix

design.

Site-specific relative rankings of the various mix designs were developed based on
measured rut accumulations in the lab (lab prepared and field obtained specimens) as
well from field rut measurements. Significant variations in lab and field performance
were noted, producing inconsistent rankings for many of the rhix designs. Direct
comparisons of laboratory and field rutting development also yielded erratic results.
The exact cause of this erratic behavior is unknown, but contributing factors may
include variables in the laboratory test protocol used (i.e., compaction method, test
temperature, load system) and the field measurement/analysis process, including
equipment modifications completed in 1996, resolution of the rut measuring

equipment, and/or vehicle placement during surveys.

Regression equations for correlating laboratory rut depths to field rutting, for a range
of cumulative ESAL values, were developed. However, the goodness of fit of these

equations is poor and they may be of little practical use at this time. Regression
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equations were also developed for estimating field rutting based on cumulative ESAL
values. Unconstrained log-linear performance models provided reasonably good site-
specific correlation to observed field rutting performance for many of the project sites.
However, erratic field rutting data precluded the development of general field
performance equations that can be globally applied across the State. It may be
possible to develop more meaningful general predictive equations using a more direct
measure of field rut depths (i.e, straight edge, stringline, manual transverse tracing)
at each project site. However, it is unclear at this time if these measures would
reduce the data scatter to the point where these general equations would be of

practical use.
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APPENDIX A

FIELD PERFORMANCE PLOTS
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Field Rutting Performance
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Field Rutting Performance
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